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(54) Cell search method, communication synchronization apparatus, and portable terminal 
apparatus 



(57) A power threshold value (12) is set to be com- 
pared with a correlation power value detected by a cor- 
relator (2) and a power conversion section (4). As a 
result of comparison by a comparator (13), only the cor- 
relation power values that exceed the threshold value 
(12) are stored in a power value memory (14), and 
unnecessary correlation values at noise levels are not 



stored in the memory (14) so that the number of power 
values stored can be decreased. With this construction, 
the necessary memory capacity can be decreased, and 
the process of searching for the maximum value from 
the correlation power values stored in the memory (14) 
can be performed at a higher speed. 
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Description 

[0001] The present invention relates to a cell search 
method, a communication synchronization apparatus, a 
portable terminal apparatus, and a program (which may 
be stored on a recording medium) for realizing the 
method and the apparatus. More particularly, the 
present invention may be used, for example, to establish 
synchronization between a mobile communication ter- 
minal such as a portable telephone and a base station. 
[0002] Conventionally, in analog FDMA (Frequency 
Division Multiple Access) for connecting mobile stations 
such as portable telephones to one base station using 
different frequencies, one frequency band is exclusively 
used for communication by one mobile station. This 
decreases the utilization efficiency of the divided fre- 
quency bands and also makes it impossible to increase 
the number of users in the service area (cell) of the 
base station. 

[0003] Currently, digital TDMA (Time Division Multi- 
ple Access) for time-divisionally connecting one fre- 
quency band to mobile stations is often used in place of 
FDMA. According to this scheme, since two or more 
mobile stations can be assigned to one frequency band 
for communication, the number of users can be 
increased as compared to FDMA. 
[0004] In TDMA, however, since segmented signals 
are time-divisionally exchanged between the base sta- 
tion and the mobile stations, the amount of information 
of communication by one mobile station becomes small. 
To increase the amount of information of communica- 
tion, current digital portable telephones and the like 
transmit signals compressed by encoding. On the 
receiving side, the signal is expanded and reproduced. 
For this reason, the quality of reproduced speech is 
degraded. 

[0005] In recent years, CDMA (Code Division Multi- 
ple Access) using a direct spread spectrum has 
received a great deal of attention as a communication 
scheme capable of greatly increasing the utilization effi- 
ciency of each frequency band and also reproducing 
high-quality speech. 

[0006] In CDMA, signals to be transmitted from a 
base station to mobile stations are spread using spread- 
ing codes unique to the respective mobile stations, and 
transmitted using one frequency band. A receiving-side 
mobile station multiplies received signals by the specific 
spreading code assigned to the mobile station, to calcu- 
late a correlation between it and each spreading code 
used on the transmitting side. The mobile station 
thereby detects the peak value of correlation, and 
extracts only a signal addressed to the mobile station. 
According to CDMA, one frequency band can be 
assigned to a larger number of mobile stations by using 
different spreading codes. In addition, since the amount 
of information to be transmitted can be increased, the 
quality of reproduced speech can also be improved. 
[0007] When a mobile station such as a portable 



telephone is powered on, it must receive a predeter- 
mined message from the base station in the area (cell). 
In CDMA, the message from the base station is repeat- 
edly sent in units of predetermined slots, as shown in 
Fig. 1 . As indicated by an arrow in Fig. 1 , the mobile sta- 
tion is not always powered on at the start timing of a slot 
and cannot correctly read the message when it is pow- 
ered on at another time. 

[0008] To decode properly the message contained 
in the slot, the start timing of the slot must be detected 
(this is called "cell search"), and the message must be 
received from that timing. A cell search is not limited to 
the above-described initial cell search for catching the 
cell to be connected at the time of powering the mobile 
station on. More specifically, even after powering on, for 
example, when the mobile station moves across cells, 
synchronization may shift. Hence, synchronization shift 
is always monitored by periodically performing a cell 
search. 

[0009] Fig. 2 is a block diagram showing the con- 
struction of a cell search circuit of conventional wide- 
band CDMA communication scheme (direct spread 
CDMA), which is provided in a mobile station. Referring 
to Fig. 2, for a reception signal (transmission channel 
signal as shown in Fig. 1 , which is transmitted from a 
base station (not shown)), the first 1 -bit data of each 
slot, which is indicated by a hatched portion in Fig. 1 , is 
spread by a common spreading code (a spreading code 
that changes 256 times in one bit: number of chips = 
256) prepared independently of the spreading codes 
unique to the respective mobile stations. Normally, such 
a transmission channel signal for cell search is transmit- 
ted using a common channel (perch channel). 
[0010] An in-phase component I and a quadrature 
component Q of the voltage of such a reception signal 
are converted into digital signals by an A/D converter 
101 and sequentially supplied to a correlator 102 such 
as a matched filter or a sliding correlator, in units of slots 
(one slot corresponds to 1 0 symbols) from the power-on 
timing of the mobile station. The correlator 102 inte- 
grates each digital signal input from the A/D converter 
1 01 with the spreading code common to the mobile sta- 
tions, which is generated by a code generator 103, so 
as to perform despreading. 

[0011] The in-phase component I and the quadra- 
ture component Q of the voltage, which are output from 
the correlator 102, are supplied to a power conversion 
section 104 and converted into power values in units of 
predetermined sampling points in the slot. The power 
values obtained at the sampling points are sequentially 
stored at addresses of a memory (RAM) 107 corre- 
sponding to the respective sampling points, through an 
adder 106 in a power value integration section 105. 
[0012] In the above process, only the portion with 
large correlation with the common spreading code mul- 
tiplied by the mobile station in the first slot after power- 
ing the mobile station, i.e., only the power value of the 
hatched portion in Fig. 1 where the common spreading 
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code is multiplied by the base station (not shown) 
appears as a peak. Hence, when this peak portion is 
detected, the start position of the slot can be confirmed, 
and subsequent communication can be performed in 
accordance with that timing. 

[0013] In fact, a mobile station receives transmis- 
sion channel signals with delays from two or more base 
stations near the mobile station, as shown in Fig. 1. In 
addition, signals from one base station include not only 
direct waves directly received from the base station but 
also waves reflected by buildings or the ground and then 
received. For this reason, a received transmission chan- 
nel signal has, in one slot, a number of portions spread 
by the common code, and a number of peak power val- 
ues are detected in one slot. Besides, when the mobile 
station moves in the ceil search operation, the peak in 
the next slot may be detected at a position different from 
the previous position. 

[001 4] In consideration of these situations, the peak 
power value is detected not. for only the first slot after 
powering the mobile station but over several slots. More 
specifically, the power integration values up to the pre- 
ceding slot are read out from the RAM 107 in units of 
sampling points and supplied to the adder 106. The 
power values at the same sampling point in. the current 
slot are added and stored in the RAM 107 again. By 
integrating the power values over several slots, the por- 
tion with the largest peak is finally recognized as the 
start portion of the transmission channel signal sent 
from the closest base station. 

[0015] The number of times of integration of the 
power values (slot count) is set in an integration count 
setting register 1 08. A counter 1 09 increments the count 
value by one, every time integration of one slot is ended. 
When the count value reaches a value set in the integra- 
tion count setting register 108, the counter 109 outputs 
a time-out signal, and integration is ended. 
[0016] However, when cell search is performed 
using the above conventional method, the RAM 107 for 
storing the power integration value at each sampling 
point requires the capacity of 10,240 words. That is, the 
number of chips (the number of cycles) in one slot of the 
perch channel for cell search is 256 x 10 = 2560. To 
increase the accuracy of peak value detection, one chip 
is divided into four divisions, and oversampling of 4 
times is performed. Hence, the total number of sampling 
points in one slot is 10,240 (when the chip rate is 4 
Mcps). 

[0017] The area of the RAM 107 for storing power 
integration values corresponding to 10,240 words is 
several mm square or more. This causes a very large 
circuit area. In particular, for a portable communication 
terminal such as a portable telephone, it is important to 
make it compact and lightweight. Circuits for transmis- 
sion, reception, and cell search functions need be 
stored in one chip. However, since the area of the cell 
search circuit on the LSI becomes very high, the LSI 
itself cannot be made compact. 



4 

[0018] In addition, since data having the largest 
value must be selected from 10,240 power integration 
values stored in the RAM 107, the processing load is 
heavy, and it takes a long time to complete cell search. 

5 For example, a long time is required for an initial cell 
search upon powering on, and the rise time until com- 
munication is enabled, becomes very long. 
[0019] In cell search using the above conventional 
method, the number of times of integration of power val- 

10 ues is set to be relatively large (e.g., for 32 slots) in con- 
sideration of a bad reception sensitivity state such that 
the path having the peak can be extracted even when 
the signal reception sensitivity is low. For this reason, 
the time required for cell search is constant independ- 

15 entry of the signal reception state. Even when the recep- 
tion state is good, integration is performed a number of 
times more than is necessary, and it takes a long time to 
complete ceil search. 

[0020] it is a consideration of the present invention 

20 to decrease the capacity of the RAM used for a cell 
search to make the cell search circuit compact and 
increase the speed of the cell search operation. 
[0021] It is another consideration of the present 
invention to shorten the cell search time in accordance 

25 with the signal reception state. 

[0022] It is anther consideration of the present 
invention to reduce the circuit area of the RAM used for 
cell search to realize a more compact mobile communi- 
cation terminal. 

30 [0023] In a cell search method according to an 
aspect of the present invention, a station detects a cor : 
relation value; between [an input signal) and ( a spreading; 
code generated by the station itself, and detects a cor- 
relation peak value in a predetermined unit of slots, and 

35 a threshold value is provided to be compared with the 
detected correlation value. 

[0024] A correlation value exceeding the threshold 
value may be stored in a memory. In addition, timing 
data at the time when the correlation value exceeds the 

40 threshold value, may be stored in a memory simultane- 
ously with the storage of the correlation value. 
[0025] In this feature of the present invention, in the 
correlation values obtained in a slot, the correlation val- 
ues exceeding the threshold value are registered in the 

45 memory, and the correlation values not exceeding the 
threshold value are neglected as noise data. The 
unnecessary correlation values at noise levels are not 
stored in the memory. For this reason, as compared to 
the prior art in which all detected correlation values are 

so stored in a memory, the number of correlation values 
actually stored in the memory can be decreased. 
[0026] Hence, the necessary storage capacity of 
the memory can be greatly decreased, and so the phys- 
ical circuit area of the memory can be considerably 

55 reduced. In addition, load in the process of searching for 
the largest value from the correlation values stored in 
the memory can be reduced, and so the correlation 
peak value can be detected at a higher speed. In a port- 
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able telephone of, e.g., wideband CDMA scheme, high- 
speed cell search and size reduction of the circuit there- 
for can be realized. 

[0027] In a cell search method according to another 
aspect of the present invention, a station detects, each 
slot in a predetermined unit, a correlation value between 
an input signal and a spreading code generated by the 
station itself, the detection process for correlation value 
is performed over several slots, the correlation values 
obtained in the slots are integrated to detect a correla- 
tion peak value, and the integration process is ended 
when the number of paths at which an integrated corre- 
lation value has reached a reference set value, reaches 
a path count set value. 

[0028] In this feature of the present invention, the 
integrated correlation value calculated in integration in 
each slot is compared with the reference set value. The 
number of integrated correlation values that have 
reached the reference set value is counted. When the 
count value has reached the path count set value in a 
slot, the integration operation is then ended, and 
processing shifts to the next phase. When the signal 
reception sensitivity is good, an integrated correlation 
value reaches the reference set value at an early stage, 
and the path count value also reaches the path count 
set value at an early stage. For this reason, the integra- 
tion time can be shortened. 

[0029] Hence, a high-speed cell search operation 
can be realized, and power consumption can be 
reduced accordingly. In a portable telephone of, e.g., 
wideband CDMA scheme, high-speed cell search and 
reduction of power consumption therefor can be real- 
ized. 

[0030] In a communication synchronization appara- 
tus according to another aspect of the present invention 
for performing a cell search operation in which a station 
detects a correlation value between an input signal and 
a spreading code generated by the station itself, and 
detects a correlation peak value in a predetermined unit 
of slots, a dynamic RAM is used as a memory used in 
the cell search operation. 

[0031] For example, the dynamic RAM is used as a 
memory for storing integration results in the cell search 
operation. 

[0032] Data access occurs in the dynamic RAM 
within its refresh cycle. 

[0033] In this feature of the present invention, the 
memory which is conventionally constructed by a static 
RAM (SRAM) is replaced with the dynamic RAM 
(DRAM), and the memory structure is simplified. In the 
DRAM used in the present invention, data access 
occurs within its refresh cycle. For this reason, no 
refresh operation need be performed, and the control 
construction for refreshing is not required. 
[0034] Hence, the scales of the memory itself and 
the peripheral circuits can be made considerably small. 
Even in case of a portable terminal apparatus of, e.g., 
wideband CDMA scheme that requires a relatively large 



memory capacity, the apparatus can be made compact. 
[0035] Other aspects of the invention are as defined 
in the accompanying independent claims. 
[0036] A detailed description will now be given, by 
5 way of example, with reference to the accompanying 
drawings, in which: 



Fig. 1 is a chart for illustrating a cell search opera- 
tion; 

Rg. 2 is a block diagram showing the construction 
of a conventional cell search circuit; 
Rg. 3 is a block diagram showing the construction 
of a cell search circuit according to a first embodi- 
ment of the present invention; 
Rg. 4 is a block diagram showing an example of 
construction for realizing a cell search method 
according to the first embodiment using software; 
Rg. 5 is a flow chart of the cell search method 
according to the first embodiment; 
Rg. 6 is a block diagram showing the construction 
of a cell search circuit according to a second 
embodiment of the present invention; 
Rg. 7 is a block diagram showing an example of 
construction for realizing a cell search method 
according to the second embodiment using soft- 
ware; 

Rg. 8 is a flow chart of a cell search method 
according to the second embodiment, which is exe- 
cuted in an integration cancel mode; 
Rg. 9 is a block diagram showing the construction 
of a cell search circuit according to a third embodi- 
ment of the present invention; and 
Rg. 10 is a block diagram showing the construction 
of a correlator according to the third embodiment. 
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[0037] Fig. 3 is a block diagram showing the con- 
struction of a cell search circuit according to a first 
embodiment of the present invention. 
[0038] A reception signal (external input signal) 

40 shown in Fig. 3 is a transmission channel signal as 
shown in Fig. 1 , which is transmitted from a base station 
(not shown). The first bit of each slot, which is indicated 
by a hatched portion in Fig. 1 , is spread by a spreading 
code (the number of chips = 256) common to all mobile 

45 stations. An in-phase component I and a quadrature 
component Q of the voltage of this reception signal are 
limited to the frequency band of the signal sent from the 
base station through a bandpass filter (not shown) and 
supplied to an A/D converter 1 . 

so [0039] The A/D converter 1 converts the above- 
described reception signal to a digital signal. A correla- 
tor 2 sequentially calculates integration between digital 
signals input from the A/D converter 1 and the spread- 
ing code common to the mobile stations, which is gen- 

55 erated by a code generator 3, in units of slots from the 
ON timing of a mobile station to perform despreading, 
so as to detect the correlation between its own spread- 
ing code of the mobile station and the reception signal. 



6/26/2007, EAST Version: 2.1.0.14 



7 



EP 1 049 265 A2 



8 



The correlator 2 is constructed by, e.g., a matched filter 
or sliding correlator. 

[0040] A power conversion section 4 calculates the 
square-sum of the in-phase component I and the quad- 
rature component Q of a voltage output from the corre- 5 
lator 2 for each of 10,240 sampling points set in 
advance in a slot to obtain a power value of correlation. 
A power value integration section 5 integrates, in units 
of sampling points, the power value output from the 
power conversion section 4 at each sampling point for w 
several slots. 

[0041] The A/D converter 1, the correlator 2, the 
code generator 3, and the power conversion section 4 
are the same as the conventional A/D converter 101, 
the correlator 102, the code generator 103, and the 15 
power conversion section 104 shown in Fig. 2. The 
power value integration section 5 is a characteristic fea- 
ture of the present invention. The power value integra- 
tion section 5 will be described below in detail. 
[0042] In a threshold value check section 11, a 20 
comparator 13 compares the power value output from 
the power conversion section 4 with a predetermined 
power threshold value 12 in units of sampling points. 
The active/negative state of a pass signal is controlled 
in accordance with the relationship in magnitude 25 
between the given power value and the threshold value. 
A power value memory (RAM) 14 stores the power 
value output from the comparator 13 in the threshold 
value check section 11. A multiplexer 15 selects and 
reads out one of the power values at the sampling 30 
points, which are stored at addresses in the power value 
memory 14, and supplies the power value to one Input 
terminal of an AND gate 16. 

[0043] A carry propagation adder 1 7 adds the data 
value output from the AND gate 16 to the power value 35 
output from the comparator 13 in the threshold value 
check section 1 1 and stores the result in the power 
value memory 14. For example, when a power integra- 
tion value to the preceding slot at a given sampling 
point, which is read out from the power value memory 40 
14 through the multiplexer 15, passes through the AND 
gate 16, the power integration value is added to the 
power value at the same sampling point in the current 
slot by the carry propagation adder 17, and the sum is 
stored in the power value memory 14 at the same 45 
address. 

[0044] When "O" data is output from the AND gate 
16 by a mask signal (to be described later), the power 
value at a certain sampling point in the current slot, 
which is output from the comparator 13 in the threshold 50 
value check section 11, directly passes through the 
carry propagation adder 17 and is stored at a new 
address in the power value memory 14. 
[0045] A point value memory (RAM) 18 stores the 
value of the sampling point corresponding to the power 55 
value stored in the power value memory 14, i.e., timing 
information such as the relative time (relative cycle 
count) from the slot head in one slot, which is measured 



by a timer 23 in units of slots. A multiplexer 19 selects 
and reads out one of the sampling point values stored at 
addresses in the point value memory 18 and supplies 
the sampling point value to one input terminal of a com- 
parator 20. 

[0046] Relative time information (the current sam- 
pling point value in the current slot) from the slot head, 
which is measured by the timer 23, is input to the other 
input terminal of the comparator 20. The comparator 20 
compares the current sampling point value with the 
sampling point value read out from the point value mem- 
ory 18 through the multiplexer 19 and supplies a signal 
representing whether both values coincide with each 
other to a pointer control section 21 . 
[0047] The pointer control section 21 controls the 
pointer (address) of read/write of data in the power 
value memory 14 and the point value memory 18 in 
accordance with a pass signal supplied from the com- 
parator 13 in the threshold value check section 1 1 and 
the coincidence/non-coincidence signal supplied from 
the comparator 20. When a non-coincidence signal is 
supplied from the comparator 20, the pointer control 
section 21 supplies a mask signal to the other input ter- 
minal of the AND gate 1 6. In this case, the power value 
output from the comparator 13 directly passes through 
the carry propagation adder 17 and is stored at a new 
address In the power value memory 14, as described 
above. 

[0048] A register group 22 provides various func- 
tions for the cell search operation of this embodiment. 
Details thereof will be described later. The timer 23 
counts the relative time (relative cycle count) from the 
slot head in one slot in units of slots. In this embodi- 
ment, for example, the count operation is started at the 
start of reception by powering the mobile station. When 
the count value has reached 10,239, it is reset to 0 
again. 

[0049] The operation of the power value integration 
section 5 having the above construction will be 
described below. First, the operation for the first slot 
immediately after powering on the mobile station will be 
described. The power value at each sampling point, 
which is output from the power conversion section 4, is 
compared with the predetermined power threshold 
value 12 in the threshold value check section 1 1 . When 
the power value is larger than the threshold value (or 
equal to or larger than the threshold value), the pass 
signal becomes active. When the power value is equal 
to or smaller than the threshold value (or smaller than 
the threshold value), the pass signal remains negative. 
[0050] Only when the pass signal is active, are the 
power values obtained at that time stored in the power 
value memory 14 through the carry propagation adder 

17 sequentially from an upper address. Simultaneously 
with storage of power values, sampling point values cor- 
responding to power values larger than the power 
threshold value 12 are stored in the point value memory 

1 8 sequentially from the upper address. The two mem- 
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ories 14 and 18 sequentially store power values larger 
than the power threshold value 12 and sampling point 
values corresponding to the power values sequentially 
at identical addresses. 

[0051] In the first slot for integration, power values 
larger than the power threshold value 12 and sampling 
point values corresponding to the power values are 
unconditionally registered in the two memories 14 and 
18. For the second and subsequent slots, the threshold 
value comparison is the same as in the first slot. How- 
ever, the operation performed when the power value 
exceeds the power threshold value 12 is different from 
that for the first slot. When the power value does not 
exceed the power threshold value 12, and the pass sig- 
nal remains negative, no process is performed at that 
sampling point, as in the first slot. 
[0052] For the second and subsequent slots, when 
the power value exceeds the power threshold value 12, 
a search is performed using the multiplexer 1 9 and com- 
parator 20 to check whether the sampling point value 
corresponding to the power value has already been 
stored in the point value memory 1 8. If it reveals that the 
sampling point value has already been stored in the 
point value memory 18 by processing of the preceding 
slot, the pointer control section 21 controls such that the 
power value integration section 5 operates as follows. 
[0053] Of power integration values up to the pre- 
ceding slot, which are stored in the power value mem- 
ory 1 4, a power integration value at an address identical 
to that on the point value memory 18 where the sam- 
pling point is stored is read out through the multiplexer 
15 and supplied to the carry propagation adder 17 
through the AND gate 16. The carry propagation adder 

1 7 adds the readout power integration value from the 
preceding slot to the current power value supplied from 
the comparator 1 3. The sum result is stored at the same 
address in the power value memory 14. 

[0054] For the second and subsequent slots, when 
the power value exceeds the power threshold value 12, 
and the sampling point corresponding to the power 
value has not been registered in the point value memory 

1 8 by processing of the preceding slot, the new sam- 
pling point value is stored at a new address in the point 
value memory 18. In addition, a mask signal is output 
from the pointer control section 21 to store the power 
value output from the comparator 13 at a new address 
in the power value memory 1 4 through the carry propa- 
gation adder 1 7. 

[0055] When such power value integration process- 
ing is performed for several slots, the integration result 
of power values larger than the power threshold value 
12 and sampling point values corresponding to the 
power integration values are stored in the power value 
memory 14 and the point value memory 18 sequentially 
from the upper addresses by processing in each slot. 
After that, a DSP (Digital Signal Processor) 25 con- 
nected to the power value integration section 5 through 
a data bus 24 selects the largest power integration 
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value from at least one power integration value stored in 
the power value memory 14. This makes it possible to 
recognize that the sampling point value corresponding 
to the power integration value corresponds to the slot 
5 head portion of the transmission channel signal sent 
from the closest base station. 

[0056] As described above, according to the cell 
search scheme of this embodiment, the power thresh- 
old value 12 is set in advance. When data values con- 

10 verted into power values using a spreading code are to 
be stored in the memory (RAM), only data values 
exceeding the threshold value are stored, and data val- 
ues equal to or smaller than the threshold value are not 
stored. Since unnecessary data values of noise level 

75 are not stored in the memory, the number of words nec- 
essary as the storage capacity of the memory can be 
made much smaller than that of the prior art. 
[0057] For example, to detect 20 waves of inte- 
grated relative power values in descending order, the 

20 memory requires a capacity corresponding to at least 
20 words. Even when it is assumed that about 80 waves 
(= 20 waves x 4 multipaths) of power peak values are 
detected in one slot assuming that direct waves and 
reflected waves from the closest base station, waves 

25 from another base station, or other interference waves 
are received by one mobile station, the power value 
memory 1 4 and point value memory 1 8 only need have 
storage capacities corresponding to at least the number 
of words. In the example shown in Fig. 3, each memory 

30 has a storage capacity of 128 words with some margin. 
The storage capacity is much smaller than the conven- 
tional storage capacity of 10,240 words. 
[0058] As described above, in this embodiment, 
since the number of words necessary as the storage 

35 capacity of a RAM can be greatly decreased, the circuit 
area of the RAM can be made much smaller than the 
prior art. 

[0059] In addition, in processing of searching for 
data having the largest value from power integration vai- 

40 ues stored in the RAM, the data is selected from 128 
power integration values at maximum. For this reason, 
the processing load can be reduced, and the maximum 
power peak value can be detected at a higher speed. 
[0060] The register group 22 shown in Fig. 3 will be 

45 described next. A power threshold value register 31 is 
used to set arbitrarily the power threshold value 1 2 to be 
compared by the comparator 13 in the threshold value 
check section 1 1 . A threshold value of user's choice can 
be freely selected by rewriting the contents in the power 

so threshold value register 31 . For example, when a porta- 
ble terminal having the cell search circuit of this embod- 
iment is used in a city where the density of buildings is 
high, the number of peaks in one slot is expected to 
increase. In this case, overflow of the memory can be 

55 prevented by setting a large power threshold value 12. 
When the power threshold value 12 is made larger or 
smaller in accordance with the registration situation of 
the correlation power value in the first slot, despreading 
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can be performed in accordance with the wave recep- 
tion state. 

[0061] An integration time register 32 is used to set 
arbitrarily the power value integration time in cell 
search, i.e., the number of slots to be integrated. An 5 
integration time of user's choice can be freely selected 
by rewriting the contents of the integration time register 
32. For example, in a city where the density of buildings 
is high, the number of peaks in one slot is expected to 
increase. In this case, an accurate cell search can be 10 
executed by setting a large number of slots to be inte- 
grated. When the portable terminal is used in a rural 
area where a smaller number of reflected waves and 
interference waves are present, a high-speed cell 
search can be executed by setting a small number of is 
slots. 

[0062] A control register 33 is used to start the cell 
search operation or clear the pointers of the memories 
1 4 and 1 8 to interrupt the cell search operation. More 
specifically, the control register 33 has an area where a 20 
start bit is prepared. When "1 " is written in this area, the 
cell search operation starts. The relative time in one slot 
is counted by the timer 23 from this start time. The con- 
trol register 33 has another area where a reset bit is pre- 
pared. When a "1" is written in this area, only the 25 
pointers of the memories 14 and 18 are cleared. The 
control register 33 is provided to test for abnormal oper- 
ations before the delivery of a product. 
[0063] A time information register 34 is used to read 
out time information (sampling point value) stored in the 30 
point value memory 18 onto the data bus 24. More spe- 
cifically, when this time information register 34 is read, 
the time information stored in the point value memory 
1 8 is sequentially read out by incrementing it by one, 
and output through the data bus 24. 35 
[0064] The time information register 34 is used, 
e.g., to detect, by the cell search operation, the maxi-' 
mum value from the power integration values stored in 
the power value memory 14 and grasp a sampling point 
value corresponding to the maximum power integration ao 
value. The time information register 34 can also be used 
to read out all time information in the point value mem- 
ory 1 8 to verify the number of peaks at a certain time in 
testing before delivery of products. 

[0065] A power integration value register 35 is used as 
to read out the power integration value stored in the 
power value memory 14 onto the data bus 24 as the 
result of cell search. More specifically, when this power 
integration value register 35 is read, the power integra- 
tion value stored in the power value memory 14 is so 
sequentially read out by incrementing it by one, and out- 
put through the data bus 24. The power integration 
value register 35 is used, e.g., to detect, by the cell 
search operation, the maximum value from the power 
integration values stored in the power value memory 1 4. 55 
[0066] A status register 36 is used to notify, through 
the data bus 24, the DSP 25 whether the cell search 
operation is completed or the power value memory 14 
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and point value memory 18 have overflowed during the 
cell search operation because too many power values 
exceed the power threshold value 12. A user can moni- 
tor the state of cell search operation by causing a dis- 
play section (not shown) to display the contents of the 
status register 36 of which the DSP 25 is notified. For 
example, when this status register 36 is used in testing 
before delivery of products, the default value of the 
power threshold value 12 or the number of words to be 
prepared as the storage capacity of each of the power 
value memory 14 and point value memory 18 can be 
verified. 

[0067] A registration count register 37 is used to 
notify the DSP 25 of the number of words corresponding 
to power integration values and sampling point values 
corresponding to the power integration values, which 
are registered in the power value memory 14 and point 
value memory 18, respectively, as a result of cell 
search. For example, when it is confirmed on the basis 
of the contents of the status register 36 that ceil search 
is completed, the contents of the registration count reg- 
ister 37 are referred to next to find the number of words 
actually registered. In this case, the maximum peak 
value can be detected by reading out power integration 
values corresponding to at least the number of words 
from the power integration value register 35, and the cell 
search processing time can be shortened. 
[0068] As described above, the cell search method 
of this embodiment is realized by the circuit construction 
shown in Fig. 3. However, it can also be realized by 
operating a program stored in the RAM or ROM of a 
computer. Fig. 4 is a block diagram showing an example 
of construction for realizing the cell search method 
described with reference to Fig. 3 in software. The same 
reference numerals as in Fig. 3 denote the same blocks 
in Fig. 4. 

[0069] Referring to Fig. 4, a ROM 41 is a read-only 
memory that stores a program for executing a cell 
search operation of this embodiment and a variety of 
necessary data. A RAM 42 is a random access memory 
for temporarily storing various data obtained in the proc- 
ess of a cell search operation based on the program or 
storing data finally obtained by cell search. The RAM 42 
includes the power value memory 14 and point value 
memory 1 8 shown in Fig. 3. The RAM 42 may store the 
program. 

[0070] An operation section 43 is used by the user 
to perform operations necessary for speech communi- 
cation using a portable terminal or set desired values in 
the registers 31 to 37 provided in the register group 22 
shown in Fig. 3. A display section 44 displays various 
set contents in the register group 22 or various mes- 
sages. 

[0071] The DSP (CPU) 25 serving as a control sec- 
tion mainly-executes the operations of the correlator 2, 
the power conversion section 4, and the power value 
integration section 5 shown in Fig. 3 or a process of 
detecting the maximum value from power integration 
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values stored in the RAM 42 by cell search to find the 
slot head portion in accordance with the program stored 
in the ROM 41 or the RAM 42. In this case, the DSP 25 
also performs the operations of the correlator 2 and the 
power conversion section 4. However, the correlator 2 
and the power conversion section 4 may be provided 
independently of the DSP 25 to execute the operations. 
[0072] An l/F section 45 performs a process of 
receiving a signal received by a reception section (not 
shown) or sending various signals to a transmission 
section (not shown). The l/F section 45 is also used to 
load the program with which the DSP 25 operates to 
provide the cell search function. For example, the pro- 
gram for realizing the cell search method of this embod- 
iment is recorded on a recording medium such as a CD- 
ROM and supplied to the RAM 42 or a hard disk (not 
shown) through the l/F section 45. As the recording 
medium to which the program is supplied, not only a 
CD-ROM but also a floppy disk, a hard disk, a magnetic 
tape, an optical magnetic disk, or a nonvolatile memory 
card can be used. 

[0073] Fig. 5 is a flow chart for explaining the oper- 
ation of executing cell search by software processing. 
[0074] Referring to Fig. 5, when reception of a 
transmission channel signal from the base station is 
started in step S1 , the timer 23 for counting the relative 
time (relative cycle count) from the slot head in each slot 
is started in step S2, and the flow advances to step S3. 
[0075] It is determined in step S3 whether integra- 
tion is completed, i.e., integration is performed for a pre- 
determined number of slots. If YES in step S3, the cell 
search operation is ended. If slots still remain, the flow 
advances to step S4 to determine whether counting for 
one slot by the timer 23 is ended. If YES in step S4, the 
timer 23 is reset in step S5, and the fiow advances to 
step S6. If NO in step S4, the flow advances to step S6 
without processing. 

[0076] In step S6, for a sampling point to be cur- 
rently processed, correlation between the spreading 
code of the mobile station and the reception signal is 
detected, and at the same time the detected correlation 
value is converted into a power value. In step S7, it is 
determined whether the correlation value converted into 
a power value (correlation power value) is larger than a 
predetermined threshold value. If YES in step S7, the 
flow advances to step S8 further to determine whether 
the slot currently under integration is the first slot after 
the start of reception. 

[0077] If YES in step SB, the flow advances to step 
S1 1 to write the correlation power value obtained in step 
S6 at a new address in the RAM 42 (corresponding to 
the power value memory 1 4 shown in Fig. 3) and also to 
write the corresponding piece of time information 
counted by the timer 23 (relative time from the slot 
head) at a new address in the RAM 42 (corresponding 
to the point value memory 1 8 shown in Fig. 3). The sam- 
pling point is incremented by one in step S12. The flow 
then returns to step S3 to perform the same process as 
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described above for the next sampling point. 
[0078] If the slot currently under integration is not 
the first slot, i.e., the second or subsequent slot, the flow 
advances from step S8 to S9 to determine whether the 

5 same time information as that of the current sampling 
point has already been stored in the RAM 42 (point 
value memory 1 8). If YES in step S9, the flow advances 
to step S1 0 to read out the power integration value cor- 
responding to the time information (sampling point 

10 value) from the RAM 42. The obtained power value is 
added to the power integration value to perform integra- 
tion. The integration result is stored at the same 
address in the RAM 42. 

[0079] If NO in step S10, the flow advances to step 

15 S1 1 to write the newly obtained correlation power value 
at a new address in the RAM 42 (power value memory 
14) and write corresponding time information at a new 
address in the RAM 42 (point value memory 18). When 
processing in step S10 or S11 is ended, the sampling 

20 point is incremented by one in step S12, and the flow 
returns to step S3 to perform the same process as 
described above for the next sampling point. 
[0080] The operation performed when the correla- 
tion power value at a certain sampling point is larger 

25 than the predetermined threshold value has been 
described above. When it is determined in step S7 that 
the correlation power value is equal to or smaller than 
the threshold value, the flow returns to step S3 through 
step S12 without processing in steps S8 to S11, and 

30 processing for the next sampling point is performed. In 
this embodiment, only when the obtained correlation 
power value is larger than the threshold value, is it 
stored in the RAM 42. Otherwise, the correlation power 
value is not stored in the RAM 42. 

35 [0081] With this construction, the storage capacity 
of the RAM 42 can be largely decreased as compared 
to the prior art, and the circuit area of the RAM 42 can 
be made very small. For processing by the DSP 25 for 
searching for the maximum value from power integra- 

40 tion values stored in the RAM 42, the processing load 
can be decreased, and the cell search operation can be 
performed at a higher speed. 

[0082] In the first embodiment, two pieces of volt- 
age information, i.e., the in-phase component I and 

45 quadrature component Q obtained by the correlator 2 
are converted into a power value, and the correlation 
value converted into the power value is integrated. How- 
ever, the integration operation may be performed for 
each of the two correlation values, i.e., the in-phase 

so component I and the quadrature component Q. In this 
case, two threshold values are prepared for the in- 
phase component I and the quadrature component Q, 
respectively. 

[0083] In the first embodiment, to integrate power 
55 values for several slots, power values exceeding the 
threshold value are stored in the memory. When the 
transmission channel signal from the base station is 
sent using higher power, the slot head can be detected 
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only by detecting the peak power value in the range of 
the first slot, and integration need not be performed. 
Hence, when a power value larger than the threshold 
value is detected, and a larger value is left, power val- 
ues need not be stored. 

[0084] In the embodiment shown in Fig. 3, the 
power value memory 1 4 and the point value memory 1 8 
are separately provided. However, both a correlation 
power value and time information corresponding to the 
power value may be stored in one RAM. For example, 
when a correlation power value and time information 
corresponding to the power value are stored in one 
word, pointer control by the pointer control section 21 
can be simplified. 

[0085] In the embodiment shown in Fig. 3, the out- 
put signal from the multiplexer 15 and the mask signal 
are input to the input terminals of the AND gate 1 6. The 
mask signal is output when a non-coincidence signal is 
supplied from the comparator 20 to the pointer control 
section 21 . However, the output signal from the compa- 
rator 13 and the mask signal may be input to the input 
terminals of the AND gate 16, and the mask signal may 
be output when the pass signal is negative (when the 
detected correlation power value does not exceed the 
power threshold value 12). 

[0086] In this case, when the obtained correlation 
power value does not exceed the threshold value, and 
the pass signal is negative, the output signal from the 
multiplexer 15 and "0" data from the AND gate 16 are 
input to the carry propagation adder 1 7. For this reason, 
the contents stored in the power value memory 14 are 
kept unchanged. When the obtained correlation power 
value exceeds the threshold value, and the pass signal 
is active, the correlation power value output from the 
comparator 13 is input to one input terminal of the carry 
propagation adder 17 through the AND gate 16. 
[0087] At this time, when an existing power integra- 
tion value is read out from the power value memory 14 
to the other input terminal of the carry propagation 
adder 1 7 by the multiplexer 15, the value is added to the 
obtained correlation power value output from the com- 
parator 13 and stored at the same address. On the 
other hand, when the correlation power value at the 
same sampling point is not stored by processing in the 
preceding slot, and a new address is designated as an 
area where the correlation power value is to be stored, 
the correlation power value output from the comparator 
1 3 is directly stored at a new address in the power value 
memory 14 through the carry propagation adder 17. 
[0088] In the embodiment shown in Fig. 5, it is 
determined in step S8 whether the current slot is the 
first slot or the second or subsequent slot, and process- 
ing branches depending on the determination result. 
Even when the same process as that for the second and 
subsequent slots is performed for the first slot, the same 
result is obtained. For this reason, processing in step SB 
is not always necessary. 

[0089] A second embodiment of the present inven- 



tion will be described next with reference to the accom- 
panying drawings. 

[0090] Fig. 6 is a block diagram showing the con- 
struction of a cell search circuit according to the second 

5 embodiment. The same reference numerals as in Fig. 3 
denote the same blocks in Fig. 6. 
[0091] The in-phase component I and the quadra- 
ture component Q of the voltage of a reception signal 
shown in Fig. 1 , which is transmitted from a base station 

10 (not shown), are limited to the frequency band of the 
signal sent from the base station through a bandpass fil- 
ter (not shown) and supplied to an A/D converter 1 . 
[0092] The A/D converter 1 converts the above- 
described reception signal to a digital signal. A correla- 

15 tor 2 sequentially calculates integration between digital 
signals input from the A/D converter 1 and the spread- 
ing code common to the mobile stations, which is gen- 
erated by a code generator 3, in units of slots from the 
ON timing of a mobile station to perform despreading, 

20 so as to detect the correlation between the spreading 
code of the mobile station and the reception signal. 
[0093] A power conversion section 4 calculates the 
square-sum of the in-phase component I and the quad- 
rature component Q of the voltage output from the cor- 

25 relator 2 for each of 10,240 sampling points set in 
advance in a slot to obtain the power value of correla- 
tion. A power value integration section 5' integrates, in 
units of sampling points, the power value output from 
the power conversion section 4 at each sampling point 

30 for several slots. 

[0094] The power value integration section 5' has a 
RAM 7 for storing power integration values (integration 
correlation values) to the preceding slot, and an adder 6 
for adding the power integration values up to the pre- 
ss ceding slot which are stored in the RAM 7 and the 
power values in the current slot supplied from the power 
conversion section 4 at the corresponding sampling 
points. Power values are integrated using the adder 6 
and RAM 7. The RAM 7 of this embodiment stores not 

40 only a power integration value for each of the 10,240 
sampling points but also a control signal (to be 
described later) in units of sampling points. 
[0095] An integration count setting register 8 is 
used to set the number of times (the number of slots) of 

45 integration of power values in the normal integration 
mode (to be described later). A first counter 9 counts 
the number of times of integration of power values. 
Every time integration for one slot is ended, the count 
value is incremented by one. When the count value 

so reaches the count set in the integration count setting 
register 8, a time-out signal is output. 
[0096] An integration limit value setting register 51 
is used to set the power threshold value (corresponding 
to the reference set value in the present invention) to be 

55 compared with the power values integrated in units of 
sampling points. The power threshold value is set at a 
value necessary and sufficient for detecting the peak 
from the integrated power values at the sampling points. 
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[0097] An integration limit count setting register 52 
is used to set a path count threshold value (correspond- 
ing to the path count set value in the present invention) 
to be compared with the number of paths where the cal- 
culated power integration value has reached the power 5 
threshold value. In recognizing the head portion of a 
slot, smaller values of the 1 0,240 power integration val- 
ues stored in the RAM 7 are unnecessary. Hence, a 
value necessary and sufficient for slot header portion 
recognition processing is set as the path threshold 
value. 

[0098] A mode register 53 is used to set selectively 
one of the normal integration mode that is the same as 
the conventional integration scheme and an integration 
cancel mode unique to this embodiment. 
[0099] A comparator 54 compares, in units of sam- 
pling points, the power integration value output from the 
adder 6 in the power value integration section 5' with the 
power threshold value set in advance in the integration 
limit value setting register 51 . When the power integra- 
tion value is larger than the power threshold value, a 
path detection signal is output. A second counter 55 
counts the number of paths where the power integration 
value has reached the power threshold value. The count 
value is incremented by one every time a path detection 
signal is supplied from the comparator 54. When the 
count value reaches the number of paths set in advance 
in the integration limit count setting register 52, a time- 
out signal is output. 

[0100] A switch circuit 56 is opened/closed in 
accordance with a control signal read out from the RAM 
7 in units of sampling points so as to prevent a path that 
is counted once by the second counter 55 from being 
counted again. In the initial state before the start of inte- 
gration, the switch circuit 56 is closed, and the output 
from the adder 6 is supplied to the comparator 54. 
Unless the power integration value calculated for each 
slot reaches the power threshold value, the control sig- 
nal at a position corresponding to the sampling point in 
the RAM 7 is maintained in the initial state, and the 
switch circuit 56 is closed accordingly. 
[0101] After several slots from the start of integra- 
tion, when the power integration value calculated at a 
given sampling point (path) reaches the power thresh- 
old value, the state of a control signal in the RAM 7 at a 
position corresponding to the detected path is changed 
in accordance with the state of the path detection signal 
output from the comparator 54. In processing subse- 
quent slots, even when the power integration value of 
the path (the power integration value exceeds the power 
threshold value) is output from the adder 6, the switch 
circuit 56 is opened in accordance with a corresponding 
control signal to prevent the output power integration 
value from being supplied to the comparator 54. This 
prevents the same path from being repeatedly counted 
by the second counter 55. 

[0102] One AND circuit 57 calculates the AND 
between the integration cancel mode setting signal and 



the time-out signal output from the second counter 55 
and outputs the result to an OR circuit 59. The other 
AND circuit 58 calculates the AND between the normal 
integration mode setting signal and the time-out signal 
output from the first counter 9 and outputs the result to 
the OR circuit 59. The OR circuit 59 calculates the OR 
of the outputs of AND circuits 57 and 58 and outputs the 
result as an integration end signal. 
[0103] More specifically, when the normal integra- 
tion mode is set, and the time-out signal is output from 
the first counter 9 as the result of integration performed 
a predetermined number of times, an integration end 
signal is output through the AND circuit 58 and the OR 
circuit 59, and the integration operation is ended. On the 
other hand, when the integration cancel mode is set, the 
time-out signal is output from the second counter 55 as 
the result that the number of paths where the power 
integration value has reached the power threshold value 
has reached the predetermined number of paths. The 
integration end signal is output through the AND circuit 
57 and the OR circuit 59 accordingly, and the integration 
operation is canceled. 

[0104] The operation of the cell search circuit hav- 
ing the above construction will be described below. 
First, an operation in which the integration operation is 
not canceled will be described. In this case, the normal 
integration mode is set in the mode register 53. 
[0105] When the cell search operation is started, 
the correlator 2 detects correlation between its own 
spreading code of the mobile station and the reception 
signal. The detected correlation value is converted into 
a power value by the power conversion section 4. The 
power value output from the power conversion section 4 
is repeatedly integrated by the power value integration 
section 5' a number of times corresponding to the 
number of slots set in advance in the integration count 
setting register 8. As a result, the power integration val- 
ues at sampling points are stored in the RAM 7. 
[0106] The power integration values stored in the 
RAM 7 are output to the DSP 25. The DSP 25 selects 
the largest power integration value from the power inte- 
gration values at the sampling points, which are stored 
in the RAM 7. With this operation, the position of the 
sampling point corresponding to the power integration 
value can be recognized as the slot head portion of the 
transmission channel signal sent from the closest base 
station. 

[0107] An operation in which the integration opera- 
tion is interrupted will be described next. In this case, 
the integration cancel mode is set in the mode register 
53. When this integration cancel mode is set, the value 
set in the integration count setting register 8 is 
neglected. 

[0108] When the cell search operation is started, 
the correlator 2 detects correlation between its own 
spreading code of the mobile station and the reception 
signal. The detected correlation value is converted into 
a power value by the power conversion section 4. The 
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power value output from the power conversion section 4 
is integrated by the power value integration section 5' for 
one slot. The integrated power values at sampling 
points are input to the comparator 54 through the switch 
circuit 56 so that the power threshold value set in the 5 
integration limit value setting register 51 is compared 
with the power integration values in units of sampling 
points. 

[0109] When there is a sampling point at which the 
power integration value calculated by the power value 10 
integration section 5' is larger than the power threshold 
value set in the integration limit value setting register 51 , 
a path detection signal is output from the comparator 
54, and the count value of the second counter 55 is 
incremented by one. It is determined whether the value 15 
of the second counter 55 has reached the number of 
paths set in the integration limit count setting register 
52. If the count value has not reached the number of 
paths yet, the integration operation is continued. 
[0110] After that, integration processing is per- 20 
formed in units of slots. When the count value of the 
second counter 55 has reached the number of paths set 
in the integration limit count setting register 52 in a cer- 
tain slot, the integration operation is stopped at that 
time. When the integration operation is ended, the DSP 25 
25 selects the largest power integration value from the 
power integration values at the sampling points, which 
are stored in the RAM 7. With this operation, the posi- 
tion of the sampling point corresponding to the power 
integration value is recognized as the slot head portion 30 
of the transmission channel signal sent from the closest 
base station. 

[0111] As described above, according to the cell 
search scheme of this embodiment, the power thresh- 
old value and the path count threshold value are set in 35 
advance. In integration processing for each slot, it is 
determined whether the number of paths where the 
power integration value has reached the power thresh- 
old value has reached the predetermined path count 
threshold value. If the number of paths has reached the 40 
threshold value, the integration operation is stopped at 
that slot. In this case, when the signal reception sensi- 
tivity is high, the power integration value rapidly reaches 
the power threshold value, and the necessary number 
of paths is also rapidly established. For this reason, the 45 
integration time can be shortened, the cell search oper- 
ation can be performed at a high speed, and power con- 
sumption can be reduced. 

[0112] The contents of the integration limit value 
setting register 51, the integration limit count setting so 
register 52, and the mode register 53 can be arbitrarily 
set. For example, the threshold value can be freely cho- 
sen by the user, by rewriting the contents of the setting 
registers 51 and 52. The mode can also be freely cho- 
sen by the user, by rewriting the contents of the mode 55 
register 53. 

[0113] The threshold values in the integration limit 
value setting register 51 and the integration limit count 



setting register 52 may be automatically changed by 
firmware such as the DSP 25. For example, the quality 
of received speech is monitored by the DSP 25, and 
setting of the threshold values can be changed in 
accordance with the monitored quality of received 
speech. With this construction, when the received 
speech quality is poor, integration can be continued until 
a larger number of paths are detected. 
[0114] For example, in a city where the density of 
buildings is high, the number of peaks in one slot is 
expected to increase. In this case, an accurate cell 
search can be executed by setting a large path count 
threshold value. When the portable terminal is used in a 
rural area where a smaller number of reflected waves 
and interference waves are present, a high-speed cell 
search can be executed by setting a small path count 
threshold value. 

[0115] The contents of the integration limit value 
setting register 51, the integration limit count setting 
register 52, and the mode register 53 may be arbitrarily 
set through an external terminal 1 0. For example, when 
various threshold values are set through the external 
terminal 10 in testing before delivery of products, the 
default values of threshold values to be set in the inte- 
gration limit value setting register 51 and the integration 
limit count setting register 52 can be verified. 
[0116] As described above, the cell search method 
of this embodiment is realized by the circuit construction 
shown in Fig. 6. However, it can also be realized by 
operating a program stored in the RAM or ROM of a 
computer. Fig. 7 is a block diagram showing an example 
of construction for realizing the cell search method 
described with reference to Fig. 6 by software. The 
same reference numerals as in Figs. 6 and 4 denote the 
same blocks in Fig. 7. 

[0117] Referring to Fig. 7, a ROM 41 is a read-only 
memory that stores a program for executing the cell 
search operation of this embodiment and a variety of 
necessary data. The RAM 7 is a random access mem- 
ory for temporarily storing various data obtained in the 
process of cell search operation based on the program 
or storing data finally obtained by cell search. The RAM 
7 may store the program. 

[0118] A register group 60 includes various regis- 
ters such as the integration count setting register 8, the 
integration limit value setting register 51 , the integration 
limit count setting register 52, and the mode register 53 
shown in Fig. 6. An operation section 43 is used by the 
user to perform operations necessary for speech com- 
munication using the portable terminal or set desired 
values in the various registers 51 to 53 shown in Fig. 6. 
A display section 44 displays set contents in the various 
registers 51 to 53 or various messages. 
[0119] The DSP (CPU) 25 mainly executes the 
operations of the cell search circuit shown in Fig. 6, or 
the process of detecting the maximum value from power 
integration values stored in the RAM 7 using a cell 
search to find the slot head portion in accordance with 
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the program stored in the ROM 41 or RAM 7. The DSP 
25 also performs the above-described process of moni- 
toring the quality of received speech and rewriting the 
contents of the registers 51 and 52 in accordance with 
the monitor result. In this case, the DSP 25 also exe- 5 
cutes the operations of the correlator 2 and the power 
conversion section 4. However, the correlator 2 and the 
power conversion section 4 may be provided independ- 
ently of the DSP 25 and execute the operations. 
[0120] An l/F section 45 performs the process of 
receiving a signal received by a reception section (not 
shown) or sending various signals to a transmission 
section (not shown). The l/F section 45 is also used to 
load the program with which the DSP 25 operates to 
provide the cell search function. For example, the pro- 
gram for realizing the cell search method of this embod- 
iment is recorded on a recording medium such as a CD- 
ROM and supplied to the RAM 7 or a hard disk (not 
shown) through the l/F section 45. As the recording 
medium to which the program is supplied, not only a 
CD-ROM but also a floppy disk, a hard disk, a magnetic 
tape, an optical magnetic disk, or a nonvolatile memory 
card can be used. 

[0121] Fig. 8 is a flow chart for explaining how the 
cell search is executed in the integration cancel mode 
by software processing. 

[0122] Referring to Fig. 8, when reception of a 
transmission channel signal from the base station is 
started in step S21 , for a sampling point under process- 
ing, correlation between its own spreading code of the 
mobile station and the reception signal is detected, and 
the correlation value is converted into a power value in 
step S22. Simultaneously, the power value is added to a 
power integration value calculated for the same sam- 
pling point to the preceding slot. 
[0123] It is determined in step S23 whether the 
sampling point under processing has already been 
counted as a sampling point at which the calculated 
power integration value has reached the power thresh- 
old value set in advance. If YES in step S23, the flow 
advances to step S27 to process the next sampling 
point. The sampling point value is incremented by one 
in step S27, and the flow returns to step S22 to perform 
the same process as described above for the next sam- 
pling point. 

[0124] If NO in step S23, the flow advances to step 

524 to determine whether the power integration value 
calculated in step S22 has reached the power threshold 
value set in advance. When the power integration value 
is smaller than the power threshold value, the flow 
advances to step S27 to process the next sampling 
point. The. sampling point value is incremented by one 
in step S27, and the flow returns to step S22 to perform 
the same process as described above for the next sam- 
pling point. 

[01 25] If YES in step S24, the flow advances to step 

525 to increment the value of the counter for counting 
the number of sampling points (paths) at which the 



power integration value has reached the power thresh- 
old value. It is determined in step S26 whether the count 
value at that time has reached the path count threshold 
value set in advance. 

[0126] If the counted number of paths is smaller 
than the path count threshold value, the flow advances 
to step S27 to process the next sampling point. In step 
S27, the sampling point value is incremented by one. 
The flow returns to step S22 to perform the same proc- 
ess as described above for the next sampling point. If 
the counted number of paths has reached the path 
count threshold value, the integration operation is then 
ended. 

[0127] With the above processing, when the signal 
reception sensitivity is high, the integration time is short- 
ened, and a high-speed cell search operation can be 
performed. Power consumption can be reduced accord- 
ingly. 

[0128] In the second embodiment, two pieces of 
voltage information, i.e., the in-phase component I and 
the quadrature component Q obtained by the correlator 
2 are converted into a power value, and the correlation 
value converted into the power value is integrated. How- 
ever, the integration operation may be performed for 
each of the two correlation values, i.e., the in-phase 
component I and the quadrature component Q. In this 
case, two voltage threshold values to be compared with 
the integrated correlation value based on the voltage 
are prepared for the in-phase component I and the 
quadrature component Q, respectively. 
[0129] In the second embodiment, a power integra- 
tion value output from the adder 6 shown in Fig. 6 is 
supplied to the comparator 54. However, a power inte- 
gration value read out from the RAM 7 may be supplied 
to the comparator 54. Alternatively, a power value out- 
put from the power conversion section 4 may be sup- 
plied to the comparator 54. The latter can cope with a 
case wherein when a transmission channel signal from 
the base station is sent using higher power, the power 
value calculated in units of slots may reach the power 
threshold value by itself even without integration for sev- 
eral slots. 

[0130] In the second embodiment, a power integra- 
tion value and control signal are stored in the RAM 7 in 
units of sampling points. The switch circuit 56 is 
opened/closed in accordance with the control signal 
read out from the RAM 7. However, the construction for 
preventing the same sampling point from being repeat- 
edly counted is not limited to this example. For example, 
an AND circuit may be used in place of the switch circuit 
56. A power integration value from the comparator 54 or 
the RAM 7 is input to one input terminal of the AND cir- 
cuit, and a mask signal that becomes "O" for a counted 
sampling point is input to the other input terminal. 
[0131] A third embodiment of the present invention 
will be described next with reference to the accompany- 
ing drawings. 

[0132] Fig. 9 is a block diagram showing the con- 
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struction of a cell search circuit according to the third 
embodiment that is a communication synchronization 
apparatus included in a portable terminal apparatus of 
the present invention. The same reference numerals as 
in Figs. 3 and 6 denote the same blocks in Fig. 9. 5 
[0133] As shown in Rg. 9, a cell search circuit of 
this embodiment comprises an A/D converter 1 , a corre- 
lator 61 , a code generator 3, a power conversion section 
4, and a power value integration section 62. The corre- 
lator 61 and the power value integration section 62 are 10 
characteristic features of this embodiment. 
[0134] An in-phase component I and a quadrature 
component Q of the voltage of a reception signal as 
shown in Fig. 1 , which is transmitted from a base station 
(not shown), are limited to the frequency band of the is 
signal sent from the base station through a bandpass fil- 
ter (not shown) and supplied to the A/D converter 1 . 
[0135] The A/D converter 1 converts the above- 
described reception signal to a digital signal. The corre- 
lator 61 sequentially integrates digital signals input from 20 
the A/D converter 1 and the spreading code common to 
the mobile stations, which is generated by the code 
generator 3, in units of slots from the ON timing of a 
mobile station to perform despreading, so as to detect 
the correlation between the spreading code of its mobile 25 
station and the reception signal. The correlator 61 is 
constructed by, e.g., a matched filter or a sliding correla- 
tor. 

[0136] The power conversion section 4 calculates 
the square-sum of the in-phase component I and the 30 
quadrature component Q of the voltage output from the 
correlator 61 for each of 10,240 sampling points set in 
advance in a slot to obtain the power value of correla- 
tion. 

[0137] The power value integration section 62 inte- 35 
grates, in units of sampling points, the power value out- 
put from the power conversion section 4 at each 
sampling point for several slots. The power value inte- 
gration section 62 has a DRAM 64 for storing power 
integration values (integration correlation values) to the 40 
preceding slot, and an adder 63 for adding the power 
integration values up to the preceding slot which are 
stored in the DRAM 64 and the power values in the cur- 
rent slot supplied from the power conversion section 4 
at the corresponding sampling points. Power values are 45 
integrated using the adder 63 and the DRAM 64. 
[0138] More specifically, the correlation power val- 
ues output from the power conversion section 4 in units 
of sampling points are stored in a power value memory 
constructed by the DRAM 64 sequentially from the start so 
address. In this case, power values at 10,240 sampling 
points in one slot (625 usee) are sequentially stored In 
the DRAM 64 of 10,240 words. 
[0139] A peak point is extracted from the 10,240 
correlation power values stored in the DRAM 64 to 55 
detect the slot head. The reliability is poor when data of 
only one slot is used, and the slot head may be errone- 
ously determined. To prevent this, the correlation power 



values at the 1 0,240 points are integrated for several 
slots to improve the reliability of data used to detect the 
correlation peak. 

[0140] The power integration values up to the pre- 
ceding slot are read out from the DRAM 64 in units of 
sampling points and supplied to the adder 63. The 
power values at the same sampling point in the current 
slot are added and stored in the DRAM 64 again. Power 
values for, e.g., 32 slots are integrated, and a portion 
having the largest peak is finally recognized as the start 
portion of the transmission channel signal sent from the 
closest base station. 

[0141] The characteristics of a DRAM will now be 
described In a DRAM, a memory cell as an internal stor- 
age element is constructed by a capacitor. For this rea- 
son, contents stored in memory cells disappear unless 
the memory cells are recharged every predetermined 
period. The operation of charging the capacitors every 
predetermined period is called refresh, and the cycle is 
called a refresh cycle. 

[0142] DRAMs requiring refresh are conventionally 
used as a main memory or expansion memory of a per- 
sonal computer or workstation. More specifically, when 
a DRAM is used, a control construction for refresh is 
required in addition to memory cells, and the load of 
control is large. Conventionally, in consideration of dis- 
advantages in maintaining data in memory cells, a com- 
pact mobile communication terminal such as a portable 
telephone uses not a DRAM but an SRAM that requires 
no refresh operation. 

[0143] However, when a scheme of integrating 
power values for several slots is used, as in the CDMA 
communication scheme, refresh control can be omitted 
by performing data access (the process of reading out 
power integration values up to the preceding slot from 
the DRAM 64, adding them to power values in the cur- 
rent slot supplied from the power conversion section 4, 
and writing the values) instead of refresh as a charac- 
teristic feature of the DRAM. In fact, since the time of 
one slot is 625 ^tsec and shorter than the refresh cycle, 
no refresh operation need be performed while integra- 
tion is being performed. 

[0144] In the final cycle of integration, the peak is 
detected while performing addition by the adder 63 
10,240 times, and the address of the DRAM 64 corre- 
sponding to the peak point is stored in a static memory 
(e.g., an SRAM or a flip-flop not shown in Fig. 1). After 
that, the integration results at the 10,240 points can dis- 
appear on the DRAM 64. Hence, no refresh operation 
need be performed even after the final cycle of integra- 
tion. 

[0145] In this embodiment, the DRAM 64 is used as 
a power value memory in the power value integration 
section 62. As is known, the memory cells of the DRAM 
64 can have a much simpler structure than those of an 
SRAM. The DRAM 64 of this embodiment can also omit 
the refresh control construction that is normally neces- 
sary. 



13 



6/26/2007, EAST Version: 2.1.0.14 



25 



EP 1 049 265 A2 



26 



[0146] Hence, the circuit area of the power value 
memory used for cell search can be greatly reduced. 
Even in a portable terminal apparatus of wideband 
CDMA scheme requiring a relatively large memory 
capacity, the data memory can be realized with a size 5 
about 1/4 that of an SRAM conventionally used as a 
power value memory. 

[0147] Since the conventional FDMA or TDM A 
communication scheme does not require a large mem- 
ory capacity, the circuit area rarely poses a problem 
even when an SRAM is used as the internal memory. To 
the contrary, the CDMA communication scheme 
requires a large memory capacity, and the circuit area 
becomes very large when using an SRAM. The advan- 
tage obtained by forming the internal memory using the 
DRAM 64 is very large. 

[0148] An example wherein the internal memory of 
the power value integration section 62 is formed from 
the DRAM 64 has been described above. Another data 
memory used in a portable communication terminal for 
which size reduction is required, and data access 
occurs at a cycle shorter than the refresh cycle can also 
be constructed using a DRAM. For example, the corre- 
lator 61 such as a matched filter for detecting correlation 
between the input digital signal and the common 
spreading code can also use a DRAM as an internal 
memory. 

[0149] Fig. 10 is a block diagram showing the con- 
struction of the correlator 61 according to the third 
embodiment. The correlator 61 of this embodiment has 
a 1 6-tap correlator 71 , fifteen DRAMs #1 72 to #1 5 74, 
and two adders 75 and 76. Although the correlator 61 
for calculating integration between the common spread- 
ing code and an input digital signal whose one symbol 
has 256 chips can be constructed as a 256-tap correla- 
tor, this makes the correlator 61 bulky. One slot is 
entirely spread by 256 chips. More specifically, one slot 
has sixteen consecutive data each spread by sixteen 
chips. In this embodiment, as shown in Fig. 10, integra- 
tion is performed sixteen times using the 1 6-tap correla- 
tor 71 , and the integration results are added and output. 
[0150] The fifteen DRAMs 72 to 74 respectively 
store fifteen integration results sequentially calculated 
by the 1 6-tap correlator 71 for each of the in -phase com- 
ponent I and the quadrature component Q of the volt- 
age. Each of the two adders 75 and 76 adds the first to 
fifteenth integration results stored in the DRAMs 72 to 
74 to the sixteenth integration result currently output 
from the 1 6-tap correlator 71 and output the sum result. 
The adder 75 adds results for the in-phase component I 
of the voltage, and the adder 76 adds results for the 
quadrature component Q of the voltage. 
[0151] As described above, in this embodiment, the 
internal memory of the power value integration section 
62 is constructed by the DRAM 64, and additionally, the 
correlator 61 also uses the DRAMs 72 to 74 as the inter- 
nal memory. As described above, the time of one slot is 
625 usee and is shorter than the refresh cycle. For this 



reason, when integration is being performed using the 
DRAMs 72 to 74, the refresh operation need not be per- 
formed. In the final cycle of integration as well, after all 
integration values are added by the adders 75 and 76 
and output, the integration results in the DRAMs 72 to 
74 can disappear. Hence, even after the final cycle of 
integration, the refresh operation need not be per- 
formed. 

[0152] Hence, in this embodiment, the internal 
memory of the correlator 61 can also be realized with a 
very simple construction, and the circuit area of the 
memory used for cell search can be further reduced. 
[0153] In the third embodiment, two pieces of volt- 
age information, i.e., the in-phase component I and the 
quadrature component Q obtained by the correlator 61 
are converted into a power value, and the correlation 
value converted into the power value is integrated. How- 
ever, the integration operation may be performed for 
each of the two correlation values, i.e., the in-phase 
component I and the quadrature component Q. 
[0154] In the first to third embodiments, an initial 
ceil search performed when the portable terminal is 
powered has particularly been described. However, the 
present invention can also be applied to cell search per- 
formed in a standby state. 

[0155] The first to third embodiment can be individ- 
ually applied or arbitrarily combined. 
[01 56] The cell search scheme of the present inven- 
tion can be applied not only to mobile communications 
using a portable telephone or the like and satellite com- 
munication but also to a digital TV. 
[0157] The construction and connection relation- 
ships between the sections in the circuits of the first to 
third embodiments are merely examples for implemen- 
tation of the present invention, and the technical scope 
of the present invention must not be limited to the spe- 
cific embodiments. That is, various changes and modifi- 
cations can be made without departing from the scope 
of the invention. 

Claims 

1. A cell search method wherein a station detects a 
correlation value between an input signal and a 
spreading code generated by the station itself, and 
detects a correlation peak value in a predetermined 
unit of slots, and 

a threshold value is provided to be compared 
with the detected correlation value. 

2. A method according to claim 1, wherein a correla- 
tion value exceeding said threshold value is stored 
in a memory. 

3. A method according to claim 2, wherein timing data 
on the timing at which said correlation value 
exceeds said threshold value is stored in a memory. 
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4. A method according to claim 3, wherein the detec- 
tion process of the correlation value is performed 
over several slots, the correlation values obtained in 
the slots are integrated to detect said correlation 
peak value, and, when the correlation value 5 
exceeds said threshold value in the first slot after 
starting the integration, the correlation value and 
the timing data corresponding to the correlation 
value are unconditionally stored in a new area on 
said memory. jo 

5. A method according to claim 3, wherein the detec- 
tion process of the correlation value is performed 
over several slots, the correlation values obtained in 

the slots are integrated to detect said correlation 15 
peak value, and, when the correlation value 
exceeds said threshold value in any of the second 
and the subsequent slots after starting the integra- 
tion and the timing data on the timing at which the 
correlation value exceeds said threshold value 20 
coincides with the timing data already stored in said 
memory, integration is performed with the correla- 
tion value already stored in said memory and the 
result, is stored in the same area. 

25 

6. A method according to claim 3, wherein the detec- 
tion process of the correlation value is performed 
over several slots, the correlation values obtained in 
the slots are integrated to detect said correlation 
peak value, and, when the correlation value 30 
exceeds said threshold value in any of the second 
and the subsequent slots after starting the integra- 
tion and the timing data on the timing at which the 
correlation value exceeds said threshold value 
does not coincide with the timing data already 35 
stored in said memory, the correlation value and the 
timing data corresponding to the correlation value 
are stored in a new area on said memory 

7. A method according to any preceding claim, 40 
wherein said threshold value can be arbitrarily set. 

8. A method according to any of claims 4, 5, or 6, 
wherein the number of times of integration can be 
arbitrarily set. 45 

9. A communication synchronization apparatus with 
which a station detects a correlation value between 
an input signal and a spreading code generated by 
the station itself, and detects a correlation peak 50 
value in a predetermined unit of slots to detect a 
synchronization point of said input signal, said 
apparatus comprising 

a comparison section for comparing the 55 
detected correlation value with a predeter- 
mined threshold value. 



10. An apparatus according to claim 9, further compris- 
ing a first storage section for storing a correlation 
value exceeding said threshold value, obtained as a 
result of comparison by said comparison section. 

11. An apparatus according to claim 10, further com- 
prising a second storage section for storing timing 
data on the timing at which said correlation value 
exceeds the threshold value. 

12. An apparatus according to claim 11, further com- 
prising a correlation value integration section for 
performing the detection process for correlation val- 
ues over several slots and integrating the correla- 
tion values obtained in the slots, wherein, 

when the correlation value exceeds said 
threshold value in the first slot after starting the 
integration, the correlation value and the timing 
data corresponding to the correlation value are 
unconditionally stored in new areas of said first 
and second storage sections, and, when the 
correlation value exceeds said threshold value 
in any of the second and the subsequent slots 
after starting the integration, if the timing data 
on the timing at which the correlation value 
exceeds said threshold value coincides with 
the timing data already stored in said second 
storage section, integration is performed with 
the correlation value already stored in said first 
storage section and the result is stored in the 
same area, and if the timing data on the timing 
at which the correlation value exceeds said 
threshold value does not coincide with the tim- 
ing data already stored in said second storage 
section, the correlation value and the timing 
data corresponding to the correlation value are 
stored in new areas of said first and second 
storage sections. 

13. An apparatus according to claim 11 or 12, wherein 
said first and second storage sections are provided 
in a single memory. 

14. An apparatus according to any of claims 9 to 13, 
further comprising a register for arbitrarily setting 
said threshold value. 

15. An apparatus according to any of claims 9 to 14, 
further comprising a register for arbitrarily setting 
the number of times of integration. 

16. An apparatus according to any of clams 9 to 15, fur- 
ther comprising an end notification section for noti- 
fying the completion of the detection process for 
said correlation peak value when the detection 
process is completed. 
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25. A method according to claim 23, wherein compari- 
son to check whether an integrated correlation 
value has reached said reference set value, is per- 
formed on the basis of voltage values. 

26. A method according to claims 23, 24 or 25, wherein 
said reference set value can be arbitrarily set. 



17. An apparatus according to any of claims 1 1 to 16, 
further comprising an overflow notification section 
for notifying a shortage of storage area in at least 
one of said first and second storage sections when 
it occurs. 

18. An apparatus according to any of claims 9 to 17, 
further comprising a registration count notification 
section for notifying the number of correlation val- 
ues stored in said first storage section. 

19. An apparatus according to any of clams 12 to 18, 
wherein integration over several slots is started 
after activation of said apparatus. 

20. A computer program for a communication synchro- 
nization apparatus with which a station detects a 
correlation value between an input signal and a 
spreading code generated by the station itself, and 
detects a correlation peak value in a predetermined 
unit of slots to detect a synchronization point of said 
input signal, said program causing the apparatus to 
realize a comparison function of comparing the 
detected correlation value with a predetermined 
threshold value. 

21. A program according to claim 20, 
causing the apparatus to 

realize a control function to control storage of a cor- 
relation value exceeding said threshold value, 
obtained as a result of comparison by said compar- 
ison function, in a memory. 

22. A program according to claim 21, further causing 
the apparatus to realize a control function to control 
storage of timing data on the timing at which said 
correlation value exceeds said threshold value, in a 
memory. 

23. A cell search method wherein a station detects, for 
each slot in a predetermined unit, a correlation 
value between an input signal and a spreading 
code generated by the station itself, the detection 
process for the correlation value is performed over 
several slots, the correlation values obtained in the 
slots are integrated to detect a correlation peak 
value, and 

the integration process is ended when the 
number of paths at which an integrated correla- 
tion value has reached a reference set value, 
reaches a path count set value. 

24. A method according to claim 23, wherein a compar- 
ison to check whether an integrated correlation 
value has reached said reference set value, is per- 
formed on the basis of power values. 



27. A method according to clams 23, 24, 25 or 26, 
10 wherein said path count set value can be arbitrarily 

set. 

28. A cell search method wherein a station detects, for 
each slot in a predetermined unit, a correlation 

15 value between an input signal and a spreading 
code generated by the station itself, the detection 
process for the correlation value is performed over 
several slots, the correlation values obtained in the 
slots are integrated to detect a correlation peak 
20 value, and 

said method has a first mode in which the inte- 
gration process is ended when the number of 
paths at which an integrated correlation value 
25 has reached a reference set value, reaches a 

path count set value, and a second mode in 
which integration is performed a predetermined 
number of times. 

30 29. A method according to claim 28, wherein said first 
and second modes can be arbitrarily selected and 
set. 

30. A communication synchronization apparatus with 
35 which a station detects, for each slot in a predeter- 
mined unit, a correlation value between an input 
signal and a spreading code generated by the sta- 
tion itself, the detection process for the correlation 
value is performed over several slots, the correla- 

40 tion values obtained in the slots are integrated to 
detect a correlation peak value, and thereby a syn- 
chronization point of said input signal is detected, 
said apparatus comprising 

45 a comparison section for comparing a calcu- 

lated integrated correlation value with a refer- 
ence set value. 

31. An apparatus according to claim 30, further corn- 
so prising a count section for counting the number of 

paths at which an integrated correlation value has 
reached said reference set value, obtained as a 
result of comparison by said comparison section. 

55 32. An apparatus according to claim 31, wherein inte- 
gration is ended when the count by said count sec- 
tion reaches a path count set value. 
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33. An apparatus according to any of clams 30, 31 or 
32, further comprising a register for arbitrarily set- 
ting said reference set value. 

34. An apparatus according to any of claims 30 to 33, 
further comprising an external terminal for arbitrar- 
ily setting said reference set value. 

35. An apparatus according to any of clams 30 to 34, 
wherein comparison by said comparison section is 
performed on the basis of power values. 

36. An apparatus according to any of clams 30 to 34, 
wherein comparison by said comparison section is 
performed on the basis of voltage values. 

37. An apparatus according to any of claims 30 to 36, 
wherein said comparison section compares an inte- 
grated correlation value output from an adder for 
performing integration, with said reference set 
value. 

38. An apparatus according to any of claims 30 to 36, 
wherein said comparison section compares an inte- 
grated correlation value output from a memory for 
storing calculated integrated correlation values, 
with said reference set value. 

39. An apparatus according to claim 32, further com- 
prising a register for arbitrarily setting said path 
count set value. 

40. An apparatus according to claim 32, further com- 
prising an external terminal for arbitrarily setting 
said path count set value. 

41. A communication synchronization apparatus with 
which a station detects, for each slot in a predeter- 
mined unit, a correlation value between an input 
signal and a spreading code generated by the sta- 
tion itself, the detection process for the correlation 
value is performed over several slots, the correla- 
tion values obtained in the slots are integrated to 
detect a correlation peak value, and thereby a syn- 
chronization point of paid input signal is detected, 
said apparatus comprising 

a comparison section for comparing the 
detected correlation value or a value output 
from a power conversion device for converting 
the correlation value into a power value, with a 
reference set value. 

42. A communication synchronization apparatus with 
which a station detects, for each slot in a predeter- 
mined unit, a correlation value between an input 
signal and a spreading code generated by the sta- 
tion itself, the detection process for the correlation 



value is performed over several slots, the correla- 
tion values obtained in the slots are integrated to 
detect a correlation peak value, and thereby a syn- 
chronization point of said input signal is detected, 
5 said apparatus having 

a first mode in which integration is ended when 
the number of paths at which an integrated cor- 
relation value has reached a reference set 
10 value, reaches a path count set value, and a 

second mode in which integration is performed 
a predetermined number of times. 

43. An apparatus according to claim 42, comprising a 
15 register for arbitrarily selecting and setting said first 

and second modes. 

44. An apparatus according to claim 42 or 43, compris- 
ing an external terminal for arbitrarily selecting and 

20 setting said first and second modes. 

45. A program for carrying out a cell search operation in 
a station which detects, for each slot in a predeter- 
mined unit, a correlation value between an input 

25 signal and a spreading code generated by the sta- 
tion itself, the detection process for correlation 
value is performed over several slots, and the corre- 
lation values obtained in the slots are integrated to 
detect a correlation peak value, said program caus- 

30 ing the station to end integration when the number 
of paths at which an integrated correlation value 
has reached a reference set value, reaches a path 
count set value. 

35 46. A communication synchronization apparatus for 
performing a cell search operation in which a sta- 
tion detects a correlation value between an input 
signal and a spreading code generated by the sta- 
tion itself, and detects a correlation peak value in a 

40 predetermined unit of slots, said apparatus com- 
prising 

a dynamic RAM as a memory used in said cell 
search operation. 

45 

47. An apparatus according to claim 46, wherein said 
dynamic RAM is used as a memory for storing inte- 
gration results in said cell search operation. 

50 48. An apparatus according to claim 46 or 47, wherein 
data access occurs in said dynamic RAM within its 
refresh cycle. 

49. A communication synchronization apparatus for 
55 performing a cell search operation in which a sta- 
tion detects, for each of several slots in a predeter- 
mined unit, a correlation value between an input 
signal and a spreading code generated by the sta- 
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34 



tion itself, and the correlation-values obtained in the 
slots are integrated to detect a correlation peak 
value, said apparatus comprising 



a dynamic RAM as a memory used for storing 5 
the integration results of the correlation values. 

50. A communication synchronization apparatus for 
performing a cell search operation in which a sta- 
tion detects, for each of several slots in a predeter- 10 
mined unit, a correlation value between an input 
signal and a spreading code generated by the sta- 
tion itself, and the correlation values obtained in the 
slots are integrated to detect a correlation peak 
value, 15 
wherein a dynamic RAM is used as a memory in a 
correlator which detects correlation values in the 
slots in the manner of detecting the correlation 
value in each subunit obtained by dividing said 
spreading code, storing the correlation values in 20 
said memory, and outputting the sum of the correla- 
tion values of all subunits. 



51. A portable terminal apparatus wherein a dynamic 
RAM is used as a memory in a portable telephone 25 
having at least a function of voice communication 
through a radio channel. 

52. An apparatus according to claim 51, wherein data 
access occurs in said dynamic RAM within its 30 
refresh cycle. 

53. A computer-readable storage medium on which is 
stored the program according to any of claims 20, 
21,22, or 45. 35 



40 



45 



50 



55 
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